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Epidermal Junction in Dystrophic Epidermolysis Bullosa by a 
Quantitative Ultrastructural Technique* 
MICHAEL J. TIDMAN, M.B., B .Sc., M.R.C.P.t AND ROBIN A. J. EADY, M.B ., F.R.C.P. 
Department of Electron Microscopy and Cell Pathology, Institute of Dermatology, London, U.K. 
To examine the possibility that differences in the 
structure and population density of anchoring fibrils 
(AF) and other components of the dermal-epidermal 
junction might distinguish between genetically and clin-
ically distinct varieties of dystrophic epidermolysis bul-
losa (DEB), a controlled ultrastructural morphometric 
study of nonseparated keratinocyte-associated dermal-
epidermal junction was undertaken in a total of 17 
patients with DEB. Seven patients had dominant DEB, 
3 had localized recessive DEB, and 7 had severe, gen-
eralized · recessive DEB. Nonlesional, unscarred skin 
was obtained from standard body regions. Criteria for 
the identification of AF were a mandatory union with 
the lamina densa and the presence of central banding 
and/or fanning of the extremities. 
No AF were detected in 9 technically suitable samples 
from patients with severe recessive DEB. Structurally 
normal AF were present, but significantly reduced in 
number, in both dominant a nd localized recessive DEB, 
compared with site-matched samples from 12 healthy 
adults. There was no difference in AF characteristics 
between dominant and localized recessive DEB, or be-
tween sites of predilection and non predilection for blis-
ters. The presence or absence of albopapuloid lesions in 
dominant DEB did not influe nce AF counts. There was 
no difference in numbers of hemidesmosomes, basal cell 
plasmalemma) vesicles, or dermal microfibril bundles in 
any g roup of DEB patients compared with controls . 
Thus, a lthough severe mutilating DEB can be distin-
guished by routine transmission electron microscopy, 
the dominant and localized recessive forms cannot be 
differentiated on the basis of AF structure or numbers. 
Dystrophic ep idermolysis bullosa (DEB) may be inherited 
autosomally in either a dom inant or a recessive manner, each 
type having a wide spectrum of seve ri ty [1 ]. This distinction 
often proves difficu lt in sporadic cases because the clinical 
features of the mild localized form of recessive DEB (RDEB) 
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DEJ: dermal-epidermal junction 
RDEB: recessive dystrophic epidermolysis bullosa 
may be indistinguishable from the dominant cond ition (DDEB) 
[2]. Severe RDEB, however, is a much more aggressive disease 
characterized by generalized fragility of the skin and wide-
spread sca rrin g of the skin and mucous membranes, associated 
with stunted growth , chronic anemia, esophageal strictures, 
dental decay, pseudosyndactyly, and fl exion contractures (1] . 
This typical clinical picture a llows ready distinction from the 
localized form. 
In a ll variants of DEB, bliste rs arise immediately beneath 
the lamina densa of t he dermal-epidermal junction (DEJ) in 
the most superficial region of the dermis [3], where anchoring 
fibrils (AF) are normally located. The biochemical nature and 
function of AF are sti ll not known, but the strong uni on that 
normally exists between the lamina densa a nd AF (4], which 
are derived from epidermis and dermis respectively [5], suggests 
that AF serve as attachment devices. In DDEB the AF have 
been reported to be reduced in number (6] and abnormal in 
structure [7,8]. Furtherm ore, in the Pasi ni type of DDEB the 
reduction in AF numbers was found in both bli ster predilection 
and nonpredilection sites [7], whereas in t he milder Cockayne-
Touraine form, AF numbers were noted to be decreased only 
in predilection sites (8] . Some workers have found that AF 
were present, but reduced in number, in both localized and 
ge neralized forms of RDEB [9], whereas others have desc ribed 
a total absence of AF in severe generalized RDEB [10,11]. 
Quantitative data on the AF in DEB are limited, but a 
morphometric analysis of the components of normal DEJ has 
demonstrated that AF numbers vary widely among individuals, 
between body regions in the same individual, and even within 
a single skin sample, and has highlighted the potential pitfalls 
in eva luat ing AF numbers from isolated microscopic fie lds 
[12]. The a im of t he present investigation was to use the same 
morphomet ri c technique on skin from patients with DEB to 
quantify AF a nd other components of the DEJ , and to ascertain 
whether DDEB and RDEB can be distingu ished using ultra· 
structu ra l criteria. This would have obvious implications for 
both prognostication and ge netic counseling, and may facilitate 
the prenatal diagnosis of DEB. 
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MATERIALS AND METHODS 
Patients and Controls 
Seventeen patients with DEB were studied, comprising 7 with 
DDEB, 3 with mild localized RDEB, and 7 with severe generalized 
RDEB. In each case the diagnosis was unequivocal and based on clinical 
and genetic features. Electron microscopy was used to establish that 
blistering occurred beneath the lamina densa. All the subjects with 
DDEB had affected fam ily members in 2 or more generations, and each 
of the 3 patients with the mild localized form of RDEB had a similarly 
affected sibling in the absence of parental involvement. Five of the 
patients with severe generalized RDEB were sporadic cases and the 
other 2 were siblings (CH and SH). 
The DDEB group included a father and daughter (DP and SG) and 
a grandmother and grandson (BB and KM) . In 6 of the 7 patients the 
condition was localized, with blistering, scarring, and milia formation 
confined to bony prominences on the extremities, and with typical 
dystrophic changes of the nai ls. The seventh patient (KB) had a more 
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widespread involvement wi th extensive scarring of his trunk a nd limbs, 
a nd acLi ve blistering co ntinuing in t hese a reas despite his advanced 
age. He occasionally suffered with bliste ring of t he buccal mucous 
membranes and episodes of dysphagia had been associated with radio-
logic evidence of an esophageal web. However, t he condi tion could be 
t r aced through 3 generations and there was no evidence of fin ger 
webbing. In this group t he presence or absence of albopapuloid lesions, 
which a re thought to be a dist inguishing feature of t he Pasini variant 
of DDEB [1 ,13], was recorded (Table 1). Albopapu loid lesions were 
defined as hypopigmented macules or papules, with a wrinkled surface, 
u s ually located over the lower back. The absence of fresh, natural 
bliste rs in a ll 7 subjects wi th DDEB at the t ime of consultation and 
t h e inabili ty to experimentally provoke blister formation by vigorous 
f riction with a pencil erase r, as is often the case [14], prevented the 
ul t rastructural confirmation of a sub- lamina densa separation, al-
t h ough clinica lly the diagnosis in eac h patient was beyond doubt. 
The 3 subjects with mi ld localized RDEB included 2 sisters (MD 
a nd BB) . In both, skin lesions were confined to bony prominences on 
t h e extremi t ies and consisted of old scarring as blisters had occurred 
o nly infrequent ly since childhood. Both had suffered episodes of dys-
phagia a nd mild iron-deficiency anemia, and an esophageal web had 
been confirmed radiologically in one. The third subject (!H) had 
extremely mild disease affecting knees a nd ankles without nail dystro-
phy or gastrointestinal involvement. 
The 7 patients with severe generalized RDEB all manifested t he 
mutilating changes that typify t his condition [1 ,2], wi th, in particular, 
extensive cuta neous and oral mucous membrane sca rring, pseudosyn-
d actyly, a nd flexion cont ractu res of t he digits. 
The cont rol group consisted of 7 males and 5 females, aged 20-60 
years, who were the subjects in a deta iled morphometric study of normal 
DEJ [12]. 
Tissue Samples and Processing 
Nonlesional and clinically unscarred skin, wi th no history of having 
previously blistered, was obta ined, after infil t ration of the surrounding 
a rea wit h local anesthetic, from the inner aspects of the lower leg (just 
above the ankle) and th igh . These 2 sites represent, respectively, areas 
of predilection and nonpredilection for blister formation in the milder 
forms of DEB, and in normal skin AF counts in these 2 regions do not 
differ [ 12] . In severe RDEB there is a generali zed blistering tendency, 
and the skin is so fragile that the trauma of the biopsy may be sufficient 
to cause dermal-epidermal separation . 
Samples were processed in a standard fashion for transmission 
e lectron microscopy as previously described [1 2]. Briefly, tissue was 
fixed in 2% formaldehyde and 2.5% glu ta raldehyde in 0.04 M (final 
concentration) cacodylate buffer containing 0.05% calcium chloride 
a nd 5% sucrose (pH 7.4), and then postfi xed in 1.3% osmium tetroxide 
buffered wi th 0.067 M s-collidine (pH 7.4) on ice, before dehydrat ion 
in ethanol and embedding in Epon 812. Ult rathin sections were cut 
from random ly selected blocks, stained with uranyl acetate and lead 
cit rate , and viewed with a JEOL 100 CX electron microscope. Electron 
micrographs of overlapping fields of randomly selected segments of 
interappendagea l keratinocyte-associated DEJ were taken, printed, and 
assembled into montages wit h a fina l magnificat ion of between 35,000x 
a nd 43,000X, accurately determined by means of a calibration grat ing. 
Morphometry 
A M.O.P. semiautomatic image analysis system (Reichert-Jung, 
Vienna, Austria) was used to measure 40-pm lengths of lamina densa 
and basal plasma membrane, excluding DEJ associated with melano-
cytes. The numerical densit ies of AF and dermal microfibril bundles 
wi t h respect t.o lamina den sa, a nd of hemidesmosomes and plasmalem: 
mal ves icles, with respect to basal plasma membrane, were determined, 
using the criteria previously defin ed [1 2], by the same observer. An AF 
was coun ted only if it uni ted with the la mina densa and demonstrated 
irregular banding of the cent ral portion or fanning of its extremities or 
both these characteristics, thus excluding wisp like structures normally 
present beneath t he la mina densa, and avoiding confusion with other 
fibrillar structures such as elastic microlibri ls and collagen fibril s. 
RESULTS 
The clinical deta ils and AF counts for t he DDEB group are 
recorded in Table I. The presence of albopapuloid lesions did 
not appear to bear a direct relationship to t he clinical severity 
of t he condi tion, and it is of interest t hat 1 of t he subjects (IH) 
with the mild locali zed form of RDEB also had albopapuloid 
lesions over t he lumbar region , as did his 7-year-old brother. 
The possession of a lbopapuloid lesions does, however, seem to 
be a familial trait. 
In subjects with DDEB, compared wi th site-matched samples 
from healthy adults using an unpaired t-test, AF were signifi-
cantly reduced in number in both the lower leg (p < 0.001) and 
thigh (p < 0.001), with no difference apparent between these 2 
sites (p > 0.5). Compared with normal skin (Fig 1) , the AF 
appeared morphologically normal (Fig 2) with no evidence 
. FIG 1. The normal dermal-epidermal junction, with the anchoring 
fibnl s arrowed. Calibration. bar= 0.25 pm. 
TABLE I. Dominant dystroph ic epidermolysis bullosa: patient detaiL~ and anchoring fibril counts 
Age/sex Clin ica l severity Albopapuloid 
Anchor ing fibri l count• 
Subject 
Controls (n = 12) 
DP 
SG 
BB 
KM 
MS 
PE 
KB 
(yrs) 
20-60/7M:5F 
50/M 
28/F 
73/F 
25/M 
39/F 
29/ M 
60/M 
Localized 
Localized 
Localized 
Localized 
Localized 
Localized 
Genera lized 
"Number of anchoring fibril s per 40-pm lamina densa. 
b Corrected to a llow for individual differences. 
lesions Lower leg 
63.5 ± 12.5 (SEM)b 
(range 16- 100) 
Absent 28 
Absent 12 
Present 0 
Present 0 
Present 0 
Not known ' 2 
Absent 0 
' Not recorded at initial consultation and patient died shortly afterwards from a cerebrovascular accident. 
d Tissue sample tec hnically unsatisfactory. 
Thigh 
61.9 ± 12.4 (SEM) b 
(range 19- 120) 
31 
5 
0 
2 
25 
d 
0 
376 TIDMAN AND EADY 
elsewhere of damaged or rudimentary structures. Comparing 
patients with and wi thout albopapuloid lesions, AF counts in 
t high skin were not sign ificantly different (p > 0.5). One patient 
(DP) had AF numbers in both t he lower leg and thigh which 
fell within the lower pa rt of the normal range, although hi s 
daughter (SG) had fewer. The 2 subjects (BB and KB) for 
whom no AF were reco rded, both possessed spa rse numbers of 
morphologically normal AF, which, by chance, were not located 
within t he measured lengths of DEJ. 
The AF data from the 3 patients with mild localized RDEB 
showed a similar patte rn (Table II) . All 3 subjects possessed 
AF with a norma l morphology (Fig 3), but their numbers were 
significantly reduced in the thigh (p < 0.001) and also reduced 
in the lower leg, although t he data from t he latter site were too 
few to enable a proper statistical comparison. No difference 
was appare nt in t he AF counts in t he t high skin of patients 
with mild RDEB and DDEB (p > 0.5). One subject with 
localized RDEB (MD) had AF counts in both sites which fell 
wi thin t he lower part of the normal range, and although no AF 
were recorded in the t high of her sister (BB), scanty AF were 
present outside the measured lengths of DEJ. 
In 5 of the 7 subjects with the severe mutilating form of 
RDEB, the trauma of the biopsy procedure caused dermal -
epidermal separation t hroughout skin samples taken from the 
lower leg (Table II) . In the 9 remaining specimens, no AF were 
seen (Fig 4) along lengths representi ng up to 130 J.Lm of in tact 
FIG 2. T he dermal-epidermal junction in dominant dystrophic epi-
de rmolys is bullosa (subject DP, lowe r leg), demonstrating morpholog-
ically norma l a nchori ng fib rils (arrows). LD =Lamina densa (obliquely 
sectioned) . Calibration bar = 0.25 J.lm. 
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DEJ. There was no evidence of structures that could be inter-
preted as damaged or abnormal AF. 
The numerical data on the other major components of the 
DEJ are recorded in Table III. No significant differences from 
FIG 3. The dermal-epidermal junction in mild, localized recessive 
dystrophic epidermolysis bullosa (subject MD, lower leg), demonstrat-
ing structurally normal anchoring fibrils (arrows ) beneath t he lamina 
densa. E = epidermis, D = dermis. Calibration bar= 0.5 J.lm . 
FIG 4. The dermal-epidermal junction in severe, generalized reces-
sive dystrophic epidermolysis bullosa (subject VH , t high) , showing an 
absence of anchoring fibrils beneath the lamina densa. Among the 
poorly stained collagen fibrils (C) a re fibrils of small diameter which 
are well -stained (arrow). E =epidermis. Calibration bar= 0.5 11 m. 
TABLE II. Recessive dystrophic epidermolysis bullosa: patient details and anchoring fibril counts 
Subject 
Controls (n = 12) 
MD 
BB 
IH 
CH 
SH 
so 
VH 
ES 
JB 
SB 
Age/sex 
(yrs) 
20-60/7M:5F 
57/F 
61/F 
12/M 
24/F 
22/M 
15/M 
3/M 
12/F 
:3/M 
32/M 
Clinical severity 
Localized 
Localized 
Localized 
Generalized 
Genera lized 
Genera lized 
Generalized 
Generalized 
Generalized 
Generalized 
"Number of anchoring fibrils per 40-llm lamina densa. 
1
' Not done because t issue sample technica lly unsatisfactory. 
' On ly 30 11m of unsepa rated skin available fo r evaluation. 
d Only 24 11m of unseparated skin ava ilab le for evaluation. 
Sublam ina densa Anchoring fibril coun t" 
spli t Lower leg Thigh 
63.5 ± 12.5 (SEM) 61.9 ± 12.4 (SEM) 
(range 16- 100) (range 19- 120) 
Present 19 21 
Present 11 0 
Not done ND" 27 
Present 0' od 
Present ND' 0 
Not done 0 0 
Present ND' 0 
Present NO ' 0 
Present NO' 0 
Not done ND' 0 
•· Not done because derma l-epidermal sepa ration th roughout t he biopsy specimen prevented evaluation. 
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TABLE III. Numerical values of h.emidesmosomes, plasmalemma/ vesicles, and dermal microfibril bundles in dystrophic epidermolysis bullosa 
Controls" DDEB Mild RDEB Severe RDEB 
Lower leg Thigh Lower leg Thigh Lower leg Thigh Lower leg Thigh 
(n = 12) (n = 12) (n = 7) (n = 6) (n = 2) (n = 3) (n = 2) (n = 7) 
Hemidesmosomes• 66.1 ± 5.7 74.0 ± 5.7 59.7 ± 3.0 59.2 ± 4.7 72.0 74.7 ± 3.9 59.5 61.3 ± 5.0 
P lasmalemma! vesi- 25.8 ± 5.8 27.1 ± 5.8 25.0 ± 2.1 24.7 ± 3.4 40.8 30.3 ± 1.5 24.5 30.3 ± 6.7 
cles• 
Dermal microfibril 0.8 ± 0.3 1.0 ± 0.3 1.1 ± 0.4 0.5 ± 0.3 0 1.3 ± 0.9 0.5 1.0 ± 0.4 
bundles' 
Abbreviations: DDEB = dominant dystrophic epidermolysis bullosa. 
Mild RDEB = localized form of recessive dystrophic epidermolysis bullosa. 
Severe RDEB = generalized form of recessive dystrophic epidermolysis bullosa. 
• Values adjusted for differences among individuals. 
• Mean ± SEM per 40-l' m basal plasma membrane. 
'Mean ± SEM per 40-l'm lam ina densa . 
con trol values were present for he midesmosome, plasmalemma! 
vesicle, a nd dermal microfibril bundle counts in a ny of t he 3 
variants of DEB. 
DISCUSSION 
The present study showed a total abse nce of AF in t he severe 
gene ra lized fo rm of RDEB. This confirms previous reports 
based on observations us ing routine tra nsmission electron mi-
croscopy [10] a nd a monoclonal a n t ibody to AF [11], and 
s u ggests t hat t he presence of AF in sk in samples from cases 
causi ng diagnostic uncertainty excludes t he possibility of severe 
mutilating RDEB. The loss of AF is unlikely to be a result of 
unrecognized scarring because scar t issue from healt hy subjects 
con tains normal AF (Tidman and Eady, unpublished data). 
AF were present, but in reduced numbers, in a ll subjects with 
DDEB a nd localized RDEB, irrespective o f clinical severity, 
a l t hough t hey were often very scan ty, and examination of long 
length s of DEJ was at t imes necessary to find t hem. There was 
no difference in AF cou n ts between DDEB a nd locali zed RDEB, 
and in both conditions t he AF appeared morphologically nor-
mal, with no evide nce of degradation . These resu lts indicate 
that DDEB a nd t he loca lized form of RDEB cannot be distin-
guis hed by t heir ult rastructura l features. 
The distinction between t he Cockay ne-Toura ine and Pasini 
variants of DDEB depends la rgely on t he presence, in t he 
latter, of a lbopapuloid lesions [1], t he etiology a nd significance 
of which are not known. The clinical features of t hese 2 variants 
are otherwise simil a r , despite the emphasis placed on t he hy-
perplastic or atrop hic nature of the sca r tissue [2]. The abnor-
mality of glycosaminoglycan metabolism in the Pasini variant 
[15], however, supports the existence of heterogeneity within 
the DDEB group, although the present study did not show 
ultrastructural differences between DDEB patients with a nd 
w i t hout a lbopapu loid lesions. 
In an earlier study of the Cockayne-Touraine varia n t of 
DDEB [8] up to 10 times as many AF were found compa red 
with the numbers obtai ned in t he present investigation. This 
disc repancy is probably due to t he use of different criteria for 
counting AF, and emp hasizes t he difficul ty in iden t ify ing AF 
unequivoca lly by t heir morphologic characteristics. 
Thus, although a ll forms of DEB are associated with a 
numerical abnorma li ty of AF, whether t his is the primary defect 
is uncertain. It remains to be determined whether t he increased 
production of coll age nase by f ibroblasts [16,17] is t he funda-
mental abnorma li ty in RDEB. 
In conclusion, t he examination by rou t ine tra nsmission elec-
tro n microscopy of long lengths of DEJ, sectioned perpendicu-
lar to t he skin surface, is of limited diagnostic a nd t herefore 
prognostic va lue in dystrophic forms of epidermolysis bullosa. 
This techn ique cannot distinguish between the dominant a nd 
localized recessive forms of DEB. 
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